We use published data on the power and production efficiency of jets in blazars with double radio lobes in order to compare results obtained using different methods. In order to eliminate selection effects, we use cross-matched sub-samples containing only luminous blazars. We compare the three main existing methods, namely those based on the emission of radio lobes, on spectral fitting, and on radio core shift. We find the average jet power obtained for identical samples with the radio-lobe method is ∼10 times lower than that from the spectral fitting. In turn, the power from spectral fitting is compatible with that from core-shift modelling for plausible parameters of the latter. We also consider a phenomenological estimator based on the γ-ray luminosity. We examine uncertainties of those methods and discuss two alternative hypotheses. In one, the blazar-fit and core-shift methods are assumed to be correct, and the lower power from radio lobes is caused by intermittency of accretion. Long periods of quiescence cause the energy in the radio lobes, accumulated over the lifetime of the blazar, to be much less than that estimated based on the present luminous state. In addition, the power calculated using the radio lobes can be underestimated for intrinsically compact jets, in which the radio core flux can be over-subtracted. In our second hypothesis, the radio-lobe method is assumed to be correct, and the blazar-fit and core-shift powers are reduced due to the presence of ∼15 pairs per proton and a larger magnetization than usually assumed, respectively.
INTRODUCTION
Starting with the seminal paper by Rawlings & Saunders (1991) , it has become common to use energetics and lifetimes of extended double radio sources to calculate jet powers in radio galaxies and quasars. Such studies indicated that in radio-loudest objects the jet power, P j , is comparable or even exceeds the accretion power,Ṁc 2 , whereṀ is the accretion rate (see, e.g., Punsly 2007; Fernandes et al. 2011; Sikora et al. 2013) . Problems with launching such powerful jets by standard accretion discs stimulated studies on the socalled magnetically arrested discs (MAD; Narayan et al. 2003) . In scenarios involving the MAD, the jet is powered by a fast spinning black hole (BH) immersed in a strong magnetic field supported by the ram pressure of the accretion flow (Tchekhovskoy et al. 2011; McKinney et al. 2012) . As it has been theoretically estimated and numerically confirmed, the spin-extraction/MAD scenario allows launching jets with the power up to 3Ṁc 2 or so.
The applicability of the spin-extraction/MAD model to radio loud quasars was questioned by van Velzen & Falcke (2013) , who, by using energetics of radio lobes, found that the median value of the jet production efficiency, η j ≡ P j /Ṁc 2 , in a radio-selected sample of quasars with double radio sources is ∼0.01. If η j depended only on the BH spin, this would imply its average value much lower than those predicted by BH cosmological evolution (Volonteri et al. 2013) .
On the other hand, large efficiencies, with η j ∼ 0.1-10, have been found using blazar models (Ghisellini et al. 2014, hereafter G14) . Similar efficiencies were then obtained by means of coreshift measurements in radio-core dominated quasars (Zamaninasab et al. 2014, hereafter Z14; Zdziarski et al. 2015, hereafter Z15) . In this paper, we compare results obtained by all of these methods. In order to minimize effects of selection biases in comparison of different samples, we use cross-matched sub-samples.
The paper is organized as follows. We define our observational samples in Section 2. Section 3 presents the methods used to calculate the jet and accretion powers. Section 4 presents our results, which are then discussed in Section 5.
SAMPLES
We use published samples of blazars containing information on their various properties. These include broad-band spectra, radio core-shift measurements, luminosities of extended radio structures, and accretion luminosities. Some of those samples, in addition to luminous blazars (i.e., radio-loud quasars seen close to their jet axes), include BL Lac objects and radio galaxies. Since accretion flows in most of those sources are probably radiatively inefficient, it is difficult to measure their accretion rates needed to estimate η j . Hence, we study only quasar-associated blazars, also called flatspectrum radio quasars (FSRQs). Those objects have the morphology compatible with those of FR-II sources, as indicated by their extended radio structure and large radio luminosity. Each sample is denoted by the first letter of the first-author name. They are as follows.
• Kharb et al. (2010) (K) used the Very Large Baseline Array (VLBA) MOJAVE-I sample ), for which they measured the extended radio flux by subtracting core emission from the VLA images. We use these subtracted values. As can be seen in their Fig. 4 , majority of the sources of Kharb et al. (2010) have radio luminosity at 1400MHz higher than 10 25 W/Hz, which, in view of the correlations between radio luminosity and morphology of radio structures of Ledlow & Owen (1996) and Best (2009) , confirms the FRII character of those sources.
• Meyer et al. (2011) (M) obtained a sample of quasars and BL Lac objects chosen from multiple catalogues with broad-band spectra and/or core-subtracted images from the Very Large Array (VLA). We use their values of the extended and core-subtracted 300-MHz luminosity for quasars. Meyer et al. (2011) do not report 1400MHz luminosities of their objects and, hence, it is difficult to directly confirm their FRII morphology. However, the agreement between our results for the K and M samples lets us conclude that cases of FRI sources are also here negligibly rare.
• G14 (G) studied 191 quasars with detections by the Fermi Large Area Telescope (LAT), known broad-line region (BLR) luminosity, and a sufficient broad-band coverage. For those objects, they calculated the jet power and the bulk Lorentz factor, Γ, using blazar-model spectral fitting. They also calculated the accretion luminosity from both spectral fitting of a disc model, L d,fit , and by assuming it is L d,BLR = 10 times the luminosity of the BLR, where the BLR luminosity was estimated based on the Hβ, Mgii and Civ spectral lines. We use all of these values.
• Arshakian et al. (2012) (A) used those sources from the MOJAVE-I sample that both appear in the 1 st Fermi/LAT Catalogue (Abdo et al. 2010 ) and have known optical nuclear fluxes and redshifts. This yields a sample of 76 blazars, for which we use their γ-ray fluxes. In our work, we also need the apparent jet velocities of these blazars, β app . We use the maximal values of β app from Lister et al. (2009) , where they are based on observations of apparent movement of radio structures beyond radio cores. Hereafter, we assume the implied Lorentz factor to equal Γ app = (1 + β 2 app ) 1/2 , which is the minimum possible Γ for a given β app . This relation is achieved for the viewing angle of i 1/Γ, which we also assume.
• Pushkarev et al. (2012) (P) obtained values of radio core shift for a sub-sample of MOJAVE blazars for frequency pairs of 15. 4-8.1, 15.4-8.4 and 15.4-12. 1 GHz. For a given object, we use the weighted average of the angular shift divided by the wavelength difference.
• Z14 (Z) studied 59 blazars (including 54 FSRQs) chosen based on the availability of their redshift, Γ app , radio core shift (averaged from Pushkarev et al. 2012 ) and BH mass. They determined the accretion luminosity based on fluxes of the Hβ, Mgii and Oiii spectral lines using their eqs. (9-11), which method differs in details from the analogous BLR method of G14 (see also Section 4). The sample of Z14 was later studied by Z15, who determined the jet power for each object based on the magnetic flux calculated using radio core shifts. We use their values of Γ and the accretion luminosity, and calculate the core-shift values using weighted averages of the results for three pairs of frequencies of Pushkarev et al. (2012) .
• Xiong & Zhang (2014) (X) studied over 20 published blazar data sets combined with the 2 nd Fermi/LAT Catalogue (Nolan et al. 2012) . We use only their values of the accretion luminosity, L d,BLR , obtained using methods similar to that of G14, assuming it is 10 times the luminosity of the BLR.
In order to mitigate the selection effects present in comparison of samples of different origin, we use mostly sub-samples obtained by cross-matching. For instance, sources appearing in both Meyer et al. (2011) and G14 form a sample called M+G. In some cases, we also use sub-samples discriminating against sources from one of the main samples, e.g., G-M denotes the sources from G14 that are not present in Meyer et al. (2011) . For source cross-identification, we require both the location of sources within 1
• of each other (corresponding approximately to the resolution of a 70-m radio telescope at 300 MHz), and the relative redshift difference < 10 per cent. This is done, in particular, for the radio/γ-ray cross-matching.
METHODS AND NOTATION
We use three main methods to calculate the jet power. In addition, we use a fourth simple estimator, which can be normalized to agree on average with any of the other methods. They are listed in Table  1 , which also summarizes the notation we use. Then Table 2 gives the default values and plausible parameter ranges of the model parameters.
The first method is that used by G14, see also Ghisellini & Tavecchio (2009) . They use a one-zone blazar model to fit the broad-band spectra of blazars assuming one proton per electron; we denote the resulting power as P fit . The fits also provide the values of Γ, with the average of Γ av 13. Since these values are given by the fits together with the values of the jet power, we cannot quantify the effect of changing Γ on the power in this method. We point out here that the jet power equals the enthalpy flux rather than that of energy, which follows from the form of the relativistic stressenergy tensor (Levinson 2006) . Thus, the internal energy fluxes, used by G14, need to be multiplied by the corresponding adiabatic indices, which equal 4/3 for both highly relativistic plasma and tangled magnetic field, and 2 for toroidal magnetic field (e.g., Leahy 1991) . Thus, we multiply their components of the power in relativistic electrons by 4/3. For magnetic field, we assume equal parts of the toroidal and tangled (e.g., Heinz & Begelman 2000) fields, which implies the magnetic adiabatic index to be κ B = 5/3. Given that the powers in G14 are dominated by cold ions, this is only a minor correction, unless there is a substantial amount of e ± pairs, which then reduces the kinetic power in ions by the ratio of n e ≡ n − + n + to that in protons, n p , and the total power in a more complex way, see Section 5.2. G14 assumed n e /n p = 1, which is the main systematic uncertainty of their results. Obviously, there is also some systematic uncertainty of their fitting method, which is difficult to estimate, and thus we do not attempt to do it here.
The second method is based on measuring the angular shift of the position of radio cores (Lobanov 1998; Shabala, Santoso & Godfrey 2012) . The method assumes the conical jet model of Blandford & Königl (1979) , and yields the product of the magnetic field, B, and the distance from the BH, h, see equation (7) of Z15 (which corrects a minor error in previous results), where Bh is constant along the jet for toroidal field with conserved energy flux, and it weakly depends on the jet opening angle, Θ, and the plasma beta (equipartition) parameter, β eq , as ∝ (β eq Θ) −2/(6+p) , Table 1 . Description of the main symbols. Here L d is the accretion luminosity, Γ is jet bulk Lorentz factor, and P (omitting the subscript 'j') is the jet power; their subscripts denote the method used to calculate them. The accretion rate is assumed to satisfyṀc 2 = 10L d . Then symbols may have a superscript corresponding to the data set used.
Symbol Meaning and method of calculation Data set Sample/Superscript
average Lorentz factor = 13 G14 G P fit jet power from blazar-model spectral fitting G14 G P cs jet power from radio core shift, Pushkarev et al. (2012) P equations (7) and (25) where p is the electron power-law index. For i 1/Γ (assumed by both Z14 and Z15), Bh is also almost independent of Γ. The magnetic power then P B = (BhΘΓ) 2 βc/2, where βc is the jet velocity. Z15 assumed ΘΓ = 0.11 based on the comparison of their two core-shift methods, and in agreement with the observational results showing that ΘΓ 0.1-0.2 on average (Pushkarev et al. 2009; Clausen-Brown et al. 2013) . Treating ΘΓ as a fixed parameter, we have
4/(6+p) . To calculate the total power, we need to relate the magnetic and matter enthalpy fluxes, which ratio is given by the magnetization parameter, σ B P B /(P j − P B ), implying
(
If we allow the uncertainties of σ B and β eq as given in Table 2 , equation (1) implies a rather large uncertainty of P j . However, except for Section 5.2 where we consider a pair-dominated jet, we follow here Z15, who used the relation of
where the parameter s is constrained by causality to be 1 (Tchekhovskoy et al. 2009 ). For ΘΓ = 0.11, this yields σ B 0.012/s 2 . The total jet power is then ∝ s 2 [Γ/(β eq ΘΓ)] 4/(6+p) and only weakly dependent on σ B as long as it is < 1,
similarly to equation (25) of Z15. We can then constrain the value of s by imposing σ B to equal its (geometric) average value in the fits to the sample of G14, which is 0.03. This yields s 0.6, a plausible value, which we adopt hereafter (note that Z15 used s = 1 in their figures). Then, the uncertainties in s, β eq and ΘΓ given in Table 2 imply the uncertainty range of a factor of ∼0.3-10 of our obtained values of P j . The third method uses the emission of extended radio lobes and is based on the description of Willott et al. (1999) . Specifically, we use their equation (11), where P j ∝ f 3/2 , and f is a fudge factor constrained to f 20 (Blundell & Rawlings 2000) . Here, we assume f = 10. Additionally, we multiply their formula by 4/3 to account for the pressure work required to form the lobes (analogous to the enthalpy correction discussed above). This method was critically reviewed by , who pointed out that it did not include radiative energy losses of the radio lobes and that their inclusion introduces a significant dependence of the jet power on the size of the source (see . They verified the dependence of the jet power on the radio luminosity by using data on hot spots associated with jet terminal shocks. Unfortunately, the hot spots are not visible or are not prominent enough in most FR-II sources to be used for measuring the jet powers. However, as we can see in fig. 3 of , the jet powers from the hot-spot calorimetry for luminous FR-II sources agree well with the jet powers obtained using the Willott et al. (1999) method with f = 10, with the scatter in P j within a factor 2. We note that radio lobes are assumed by Willott et al. (1999) to be in equipartition, which minimizes their energy content (Burbidge 1956 , Pacholczyk 1970 ; see also Zdziarski 2014) . However, minor departures from equipartition lead only to relatively minor increases of the jet power, e.g., by 1.15 for the magnetic field strength at 0.7 of the equipartition value (as in Croston et al. 2005) .
Finally, we consider a purely phenomenological method based only on the γ-ray luminosity, L γ . This is motivated by the γ-ray luminosity giving a major contribution to the bolometric luminosity, and the claims of Nemmen et al. (2012) and G14 that the jet power is about 10 times higher than the radiative power (which assumes the validity of the first method with n e = n p ). This then gives an estimate of the instantaneous jet power. We can then write (see equation 1 of G14),
where L γ is calculated for a single jet from Fermi/LAT data assuming isotropy, K γ is a fudge factor taking into account the bolometric correction and departures from the above value of 10 for the ratio of the jet power to the radiative power, and the factors of 2 and 4/3 follow from summing the contributions from the jet and counterjet and from considering Compton scattering of external radiation (Ghisellini & Tavecchio 2010) , respectively. We see that
in this method. Initially, we assume K γ = 2, but we can adjust this coefficient to achieve for agreement with the results of any of the above methods. We then estimate the jet production efficiency, P j /Ṁc 2 . We assume the accretion radiative efficiency of d = 0.1, i.e.,Ṁc 2 = L d / d , and use the three methods of estimating L d , one from disc fitting and two based on the BLR emission, see Section 2 and Table 1.
RESULTS
Before proceeding to the issue of the jet power, we compare different methods of estimating the accretion luminosity, see Fig. 1 and Table 3 . We find very good agreement, on average, between the spectral fit method of G14 and their estimates based on the BLR lines, see Fig. 1(a) . Similarly, we find good agreement between either method of G14 and the BLR method of Xiong & Zhang (2014) , see Table 3 . However, we find a rather substantial disagreement between the values of L d obtained using the method of Z14 and all of the other three methods, namely the BLR and fit methods of G14 and the BLR method of Xiong & Zhang (2014) , see Table 3 . We illustrate two of those discrepancies in Figs. 1(b-c) . We see the values obtained by Z14 are higher than the other ones by factors ∼2.5-3 on average. This appears to result from different methods applied to obtain accretion luminosities in these cases. While Xiong & Zhang (2014) and G14 use the fits of Calderone et al. (2013) and Celotti et al. (1997) to relate the luminosities of broad spectral lines to the bolometric accretion disc luminosity, Z14 obtains their accretion luminosities using the set of relations from Punsly & Zhang (2011) . In both of them the accretion luminosity can be expressed as a power law of each of the line luminosity, L acc ∝ L 
differences need to be borne in mind during analysis of the jet production efficiencies. Both our sample of Arshakian et al. (2012) and Z14 use the maximal apparent velocities reported in Lister et al. (2009) , so the relation of Γ app to Γ G fit is similar in both those cases, see Fig. 2 . However, we find that the Lorentz factors resulting from apparent motions are higher on average than those from blazar model fitting. Namely, we find Γ app > Γ fit for 12/19 and 13/19 in the samples of Arshakian et al. (2012) and Z14, respectively. On average, the values of Γ app are higher than of Γ fit by 4. We discuss this issue in Section 5.
We then compare the jet power estimations, see Fig. 3 and Table 3 . Those numbers bear substantial uncertainties following, among other, from the uncertainties of the model parameters, see Table 2 . However, these uncertainties are difficult to assess quantitatively, and we do not give them in Table 3 . Instead, we discuss those uncertainties in Section 5.1.
We find some highly significant systematic differences between the jet powers obtained by different methods. The jet powers from radio lobes, P rl , are on average a factor of ∼10 lower than those from blazar model fitting, P fit , see Fig. 3(a) . At the value of its parameter of s = 0.6, the jet powers obtained using radio core shifts, P cs , are on average almost the same as those from the blazar model fitting, P fit , see Fig. 3(b) . Thus, the average ratio between the powers from the core-shift and radio-lobe methods is also ∼10, as illustrated in Fig. 3(c) . Finally, the phenomenological values based on the γ-ray luminosity are, on average, lower by a factor of ∼2 than the corresponding values of P fit , see Fig. 3(d) , as well as of P cs . This may be due to an underestimate by a factor of ∼2 of K γ , the constant in equation (4).
Finally, we compare the jet production efficiencies found by the different methods, see Fig. 4 and Table 3 . We present the results as plots of the probability density function (PDF), i.e., the integral of each histogram is normalized to unity. We show a few histograms on a panel, with each of them normalized separately. Each bar in a histogram begins at zero. Table 3 gives the average and median values of log 10 η j . Naturally, the results here follow from those on P j and L d . We see that the lowest values of η j are found from the radio-lobe method, with both their average and median < 0.1. The values from blazar fitting and core shift are much higher, with the average efficiencies of 1. The values from the core-shift method and using the disc luminosities either from the BLR method or the fit of G14 are similar to those of the fitting method, with the average efficiencies of 1. Using the core-shift method together with disc luminosities obtained using the spectral line method of Z14 again gives a lower average, 0.3, which is due to the higher disc luminosities, as discussed above, see Fig. 1(b-c) .
DISCUSSION

Uncertainties of the models
We first discuss the discrepancies found in the estimates of jet power. They are related in part to the systematic uncertainties in the methods, which we have discussed in Section 3.
The blazar-model powers, P fit , are sensitive only to the electron distribution in the jet, and assume one proton per electron, with the dominant component of the power due to cold protons (G14). If there is some amount of e ± pairs, the jet power can be significantly reduced. We discuss this issue in detail below in Section 5.2. Furthermore, the assumption of a one-zone uniform emission region is an oversimplification, with transversely stratified jets (proposed, e.g., by Ghisellini et al. 2005 ) usually requiring lower power to reproduce the observed spectra ).
The same issue will also affect the determination of the fitted jet Lorentz factor, Γ fit , in the blazar model (G14). If the jet is composed of a spine and a sheath moving at different Lorentz factors, the one-zone fit may yield inaccurate results, which may possibly explain the average Γ app > Γ fit seen in Fig. 2 . On the other hand, the apparent jet speeds β app used in these samples are the maximal values observed by Lister et al. (2009) . They may thus not correspond to the average jet velocity. Also, some of the observed β app may trace a shock propagating through the jet, which we would expect to overtake the matter travelling with the relativistic flow. The values of Γ affect the power from the core-shift and γ-ray luminosity methods in the way given in Section 3.
The core-shift method makes two major assumptions. The first one is the adoption of the conical jet model of Blandford & Königl (1979) , with B ∝ h −1 and the density of relativistic electrons ∝ h −2 assumed in the core-shift calculations of Lobanov (1998) , Shabala et al. (2012) , Z14 and Z15, which implies the radio spectral index in the partially synchrotron self-absorbed part of the spectrum of 0. This model is is clearly not strictly valid in the considered sources, as indicated by the radio spectral indices being 0 in many blazars. This will lead to an inaccurate estimate of the actual magnetic field. Second, the core-shift method estimates the magnetic field times distance, Bh, in the radio core region, and the resulting P B depends on Γ and β eq ΘΓ, see Section 3. The total power depends then both on those quantities and on the unknown value of the magnetization parameter, σ B , see equation (1). We related, following Z15, σ B to ΘΓ/s, and calibrated the results to those of G14 (see Section 3). This results in P j being almost independent of σ B , see equation (3). However, the above relation is satisfied only if the jet acceleration and collimation are dominated by ideal MHD processes. While this is likely for σ B 1, conversion of the Poynting flux to the kinetic energy leading to σ B 1, assumed here, is instead likely to be driven by dissipative processes (see Section 6 in Z15 and references therein). If σ B has a larger value than that assumed here, then P j will be given by equation (1), and it will be lower, see Section 5.2. Still, we find the average jet power in our samples from the coreshift and blazar-model methods are almost equal to each other for β eq = 1 and our assumed value of the causality parameter, s = 0.6, which followed from assuming σ B = 0.03, the average value from the blazar-model fits in G14, see Section 3.
We have seen that the main discrepancy is the jet power from radio lobes being much lower than those from the spectral fitting and from the core shifts. We first consider whether the low values of P rl can be due to jet energy losses during propagation. Given that P rl P fit , P cs , this would require the loss of most of the jet power, which is inconsistent with the result of G14 that the radiative power is only ∼0.1 of the jet power. Then, a non-radiative process would, in principle, have to be called forth to explain such a reduction of the jet power.
The radio-lobe power is ∝ f 3/2 , and the factor f may, in principle, be twice the value of 10 assumed here. Still, this will not bring the results of this method to agreement with the jet powers from the other methods. However, an additional factor may, in principle, arise from some of the radio-lobe luminosities being underestimated due to the assumption that blazars can exist only in quasars with classical double radio sources, i.e., those characterized by sizes larger than tens of kpc. Contrary to this assumption, some blazars can be hosted by younger or shorter-living radio sources, as represented by compact symmetric objects and GHzpeaked sources. Then, the methods of spectral decomposition and core subtraction used by Meyer et al. (2011) and Kharb et al. (2010) to calculate radio-lobe luminosities would lead to underestimation of the lobe flux, and thus the jet power, for those objects. However, only ∼7 per cent of blazars do not exhibit extended radio-emission (Kharb et al. 2010) , so this effect appears unlikely to explain the observed systematic differences between P rl and the other estimates of P j .
A possible explanation of this discrepancy is intermittency of accretion. Our samples are selected to consist of the most luminous objects, FSRQs, which have the Eddington ratios 0.03. It is likely that such high luminosity occurs only during a small fraction of the lifetime of a blazar. The methods based on the current state of the jet derive then the power averaged over relatively short, recent, time. On the other hand, the energy in the lobes has accumulated over the blazar lifetime, which can consist mostly of periods of quiescence. Thus, the ratio of P rl to P fit , P cs is equal to the ratio of the luminousto-average powers.
This also agrees with the results of van Velzen & Falcke (2013) , who selected ∼ 10 5 double radio sources from the Faint Images of the Radio Sky at Twenty-Centimeters (FIRST) radio catalogue, but found quasar counterparts for only ∼ 10 3 sources. This is consistent with the sources being most of the time in quiescence.
The average uncertainty of the (phenomenological) method based on the γ-ray luminosity lies in the value of the fudge factor K γ . If we assume the correctness of the method of G14, we obtain K γ 4, but we can adjust this coefficient to achieve agreement with any of the other two methods. The γ-ray luminosity method is also the coarsest of the four, as it is based only on one quantity, which, e.g., has a strong dependence on the viewing angle due to the relativistic beaming. Thus, it may give large departures from the actual power in individual cases.
The effect of e ± pairs
On the other hand, it is still possible that there is a certain amount of pairs in the jet. Then, the jet power in the ion rest mass will be reduced by n p /n e . Following Sikora (2016), we consider here consequences of the assumption that the radio-lobe determinations of the jet power are correct, and the presence of pairs reduces the powers from the blazar model to the values at which the average power ratio between the two methods is unity. The average values of the components of the jet and accretion power in G14 are: the power in ions assuming fully ionized H composition, i.e., a pure proton-electron plasma, which we denote here as P p=e , of 2. . As in Section 3, we assume here κ B = 5/3. Then, P B 7P e , and we hereafter can neglect the contribution from P e .
Assuming that the power of the jet upon leaving the blazar zone, P j = P p + P e + P B (where P p is the power in ions without any assumption about the pair content), equals the estimate from radio lobes, we obtain the jet power in ions, P p , of (neglecting the small contribution from P e )
Since P p = (n p /n e )P p=e ,
Using our estimate of P j = P rl 0.1P fit ∼ 2.5 × 10 45 erg s −1 on average (Table 3 ) and P fit P p=e , we have n e /n p ∼ 30, or ∼15 pairs per proton. We stress that this number is rather approximate, given the number of assumptions involved.
We then consider the total power supplied to the jet before any radiative losses, P j0 . Then, again assuming the correctness of the radio-lobe power estimate, we have P j0 = P rl + P rad ∼ 4.5 × 10 45 erg s −1 .
Thus, ∼1/2 of the power supplied to the jet is radiated, i.e., the jet radiative efficiency is ∼1/2. We can also estimate the magnetization parameter, σ B P B /(P j − P B ), to be σ B ∼ 2 in the region of the blazar zone. This differs from the average in G14 of 0.03 because of their assumption of no pair content.
Sikora (2016) also gives further arguments supporting a substantial pair content in jets. He points out that allowing for a substantial pair content allows for a large ratio of the external Compton to synchrotron powers, which is in agreement with observations, and gives the average electron Lorentz factor of ∼100, which then yields correct average energies of the synchrotron and external Compton peaks.
We then consider the estimate from the core shift. As we pointed out in Sections 3 and 5.1, our method of determining P j depends sensitively on the assumption connecting σ B with ΘΓ. If we allow σ B ∼ 1/2 in the radio cores while keeping the assumed ΘΓ 0.11 unchanged, we will reduce the average of P cs to the average of P rl , see equation (1). This then favours magnetic field reconnection as the process powering the blazar radiation.
The jet production efficiency
The jet production efficiency is an important criterion discriminating between various jet ejection models. While powers of jets launched by accretion discs are expected to be lower than the accretion powers, they can be comparable to or even slightly exceed the accretion power in the spin-extraction/MAD scenario. Hence, having observationally confirmed efficiencies η j 1 would strongly favour powering of jets by rotating BHs. Still, this efficiency is limited to 3 (McKinney et al. 2012 ). This constraint comes from the fact that the magnetic flux confined on the BH by ram pressure of the accretion flow is limited by the accretion rate. Thus, any finding of η j 3, such as in a number of cases here, has to be due to either measurement errors, incorrect modelling or another jet ejection process being in place.
The jet production efficiency depends on the estimates of both the jet and accretion powers. We have compared the values of the latter obtained with the BLR and disc fitting methods, and found an overall good agreement between all those methods, see Table 3 and Fig. 1(a) . On the other hand, we have found the accretion luminosities obtained by Z14 using a method based on selected spectral lines to give systematically higher values than the other approaches, by a factor of ∼3, see discussion in Section 4. Then, the values oḟ Mc 2 depend on the radiative efficiency, which we assume here to be 0.1. This is both uncertain and varying from one source to another. However, this uncertainty affects the obtained values of η j , but not the comparison of the results of different methods. Still, this might be responsible for the presence of the tail of sources with η j > 3, due to an underestimation of theirṀ.
We point out that large η j requires both large initial spins and geometrically thick accretion flows (Avara et al. 2016) . Spread of the evolutionarily determined spin (Volonteri et al. 2013 ) and of the geometrical thickness are likely to be responsible for a broad range of η j found by van Velzen & Falcke (2013) in their sample. Their median value of η j is lower by a factor of a few than that found here by the radio-lobe method, which is most likely a selection effect. Namely, van Velzen & Falcke (2013) used a sample selected from the FIRST radio catalogue, which has much better flux sensitivity than the Cambridge catalogues, on which our samples are based. In particular, the values of the Eddington ratio for their sources, 0.1, are lower than ours.
Finally, we stress that the presence of pairs will reduce the jet production efficiency. Given the value of P j0 in equation (7), we have η j = P j0 /Ṁc 2 ∼ 0.15. This removes the problem of having a substantial fraction of sources with η j > 3.
The MAD scenario predicts η j ∼ a 2 (H/R) q , where H/R is the disc height-to-radius ratio, a is the BH dimensionless spin, and Avara et al. (2016) suggested q 2. This would imply H/R ∼ 1/3, still much larger than those of the standard discs, but predicted by a number of theoretical studies, see, e.g., Begelman et al. (2015) .
CONCLUSIONS
Our main conclusions are as follows.
We have found the average jet power obtained for identical samples with the radio-lobe method is ∼10 times lower than that from the spectral fitting, under the assumption of no e ± pairs. Then, the power from spectral fitting is similar that from core-shift modelling assuming the magnetization parameter in the radio cores is linked to the jet opening angle. We have also considered a phenomenological estimator based on the γ-ray luminosity, which can be adjusted to equal either of the methods by adjusting its normalization.
In order to resolve the discrepancy between radio-lobe jet powers and those from other methods, we have proposed two alternative hypotheses. First, the blazar-fit and core-shift methods are assumed to be correct, and the lower power from radio lobes is caused by intermittency of accretion, including long periods of quiescence, which causes the energy in the radio lobes, accumulated over the lifetime of the blazar, to be much less than that estimated based on the present luminous state. In addition, the power calculated using the radio lobes can be underestimated for intrinsically compact jets, in which the radio core flux can be over-subtracted.
Alternatively, we have assumed that the radio-lobe method yields correct results. The blazar-fit method can be brought to agreement with it if there is certain amount of e ± pairs, since the proton kinetic energy in radiative leptonic models is ∝ (n p /n e )P p=e . We find agreement between the two methods if there are ∼15 pairs per proton. Then the core-shift method can be brought to agreement with the radio-lobe one if the jet magnetization in the radio cores is larger than that implied by the jet opening angle, which can be the case if the jet acceleration and collimation is not driven by ideal MHD processes.
We cannot definitely decide which hypothesis is correct. It may also be that both discussed effects operate. The first would reduce the discrepancy between the radio-lobe and blazar-fit results, which would in turn reduce the estimated number of pairs per proton.
